This article describes complex geological structure of the region where Metsamor Nuclear Power Plant (MNPP) in Armenia is located. This region of the Lesser Caucasus is characterized by high volcanic activity, tectonic stresses, and movements along the edges of active, highly seismic tectonic blocks. Moreover, this station literally sits on the active tectonic fault of compression type. When construction of the plant commenced, seismic risks were significantly understated. This fact was confirmed by destructive Spitak earthquake with over 25 thousand death tolls. Analysis of intensitys of the earthquakes in the area of the MNPP, their focal mechanisms and risks of movements along active tectonic faults is given in the article. With reference to numerous papers of Armenian, Russian and European researchers regarding seismic hazards and risks in the area of the Nuclear Power Plant, the conclusion about the soonest shutdown and conservation of Metsamor Nuclear Power Plant has been made.
Introduction
The The epicentre of Spitak earthquake that occurred in 1988 in Armenia was at 75 km distance from Metsamor Nuclear Power Plant. After the earthquake, as part of the cautionary measures, the plant was shut down. However, in 1995, facing acute shortage of energy, Government of Armenia reopened the power plant despite the warnings of international experts. Despite millions of dollars allocated by the European states and the U.S. to ensure the plant met the up-todate safety standards, the plant had been assessed to be "oldest and least reliable" by the EU.
According to international and regional organizations, the operation of this nuclear power plant fails to meet the internationally accepted safety standards.
Metsamor is an old station without any protective shield; it was built over solid basalt near the crystalline basement carrying no risk of deformation. According to expert estimations, service life of the plant was 30 years. Although this period ended in 2001, the plant is still in use, posing a threat to the regional safety.
Geological Setting, Tectonic Blocks, Faults and Volcanism
Geologically, an area where Metsamor NPP is formed by the layers of sedimentary deposits of Paleozoic-Triassic period and located within the Alpine structural bodies made up by the rocks of Cretaceous and Paleogene age. Upper Cretaceous ultrabasite intrusions were also found in this zone. The intrusions of different granitoid types have been attributed to pluton bearing the same name.
In terms of geological development, in Armenia, the Yerevan-Ordubad synclinorium had borne the character of geoanticline in Jurassic period, had intensively depressed during the Paleogene period before being exposed to intensive uplift in the Miocene period [1] .
The intrusive magmatism of Armenia can be divided into two stages: during the upper Cretaceous ultra-major magma products poured into the intrusive The site of the power plant is over the large intrusive faults, also, a geodynamic belt. As indicated by the space data map, this area as a network of different intrusive faults of closely located "microblocks", exposed to the fracturing due to the pressure from tectonic blocks had been deformed and remains a zone of high seismic activity. The low thickness of the deposits once more indicates to the presence of orogenic regime and erosion in the region, very active erosion, closeness of the metamorphic foundation to the surface, while the location of blocks in the area subject to pressures denotes the high geodynamic activity at this territory [2].
The studies point out that as indicated by the comparative analysis of the geological structures of Caucasus, Lesser Caucasus and the Anatolia plateau, these regions resemble one another in terms of their tectonic conditions and volcanic activity.
According to some assumptions, in the geological structuring of Lesser Caucasus and Armenia, the collision with the Eurasian continent located farther to the south plays an important role. As a result of that, along the transform faults (northern Anatolia, Eastern Anatolia), different microplates sliding past one another relatively fast and stripes have emerged. Then, the pressing and pulling segments had emerged; subduction, sliding had occurred, and from the edges of the bordering massifs, snaps (in the form of spanning massifs) had come about [3] .
Menderes, Artvin-Bolnisi, Alagoz-Julfa tectonic units, which are presumably parts of the greater Central Iran tectonic unit, played an important role in geological formation of the region. During the Oligocene-Miocene period, the Central Iran massif had been divided into separate uplifts and troughs creating Mid-dle Aras depression zone [4] .
The North Anatolian fault stretching to Erzurum is divided into two branches: one of them stretches past the Kars volcanic plateau, extending to Armenia, while the other one rises in the upstream of the Aras River. The last branch is divided into Arazyani and Nakhchivan faults confining the Middle Aras depression zone. These faults are connected with the North Anatolia fault and active as a part of a transform fault and resemble each other in many aspects, in terms of geological features.
The aforementioned faults along with others indicate that the structure of the region (Yerevan and Nakhchivan) is made up by blocks and had caused the formation of large numbers of horst-anticlinal and graben-synclinal tectonic elements, and accumulation of Oligocene-Quaternary sedimentary deposits. Located perpendicular to the Aras River, the "island" uplifts (Aghridagh, Daridagh, Aghgaya etc.) were divided into small lowlands [5] .
The study of the internal structure of this zone using the space data and the tectonic-physical analysis of wrinkles over there indicates that as a result of large-small several plates and their parts sliding past one another, a lowland along the fault had emerged and developed.
The first impulse to formation of this paleogeographic basin had been given Elements of block structure of the Earth Crust on the territory of Armenia and potential active tectonic elements (a); and simple scheme of potential compressional faults' motions (b) [6] . Legend: 1-motions based on GPS data, 2-motions along the faults, 3-compression zones, 4-extension zones, 5-high activity faults, 6-low activity faults, 7-active fault intersection zones, motion of blocks according to GPS data.
Earthquakes and Seismic Hazard and Risk
Armenia borders with Georgia, Azerbaijan, Turkey and Iran, and such factors as The most powerful earthquakes in vicinity of the Metsamor Nuclear Power
Plant have Power Class between 7 and 10-see Figure 5 [8].
The Armenian Nuclear Power Plant over a long and deep tectonic fault poses a great danger. Besides its technogenic factors, the Metsamor plant together with its geological position presents danger to the region. As mentioned above, both
Turkey and Armenia are located in the active seismic zones. The fact that deep tectonic fault crosses the territory where Armenian nuclear power plant is located increases the likelihood of the occurrence of the tectonic developments, including earthquakes. This is related to the abovementioned tectonic faults crossing the territory. Earthquakes recur in the tectonic fault zones regularly.
Therefore, a high risk of the occurrence of a natural disaster in the area of the location of the plant exists.
Also it is clearly seen from the map prepared ( Figure 6 ) by the National Ser- gats-Spitak tectonic fault with South-Yerevan fault, having high seismic potential (M > 6). In one of tectonic cross-points of this fault, less than 50 km to the east from APP, in 851-893 years, series of destructive Dvin earthquakes took place, with intensity at least 9 and huge fatalities.
• Thus, most realistic evaluation of the potential earthquake intensity for the site of Armenian APP should be 8, maximum calculated earthquake intensity 9. In the area of maxima of spectral-response characteristics of bedded formation oscillations incremental intensity may reach 1 M.
• At a distance minimum 0 -5 km of this potential earthquake origin from the site of Armenian APS, with the occurrence depth about 10 km and accounting for the specific character of macro-seismic field, seismic effect at the site is 9, whilst for maximum estimated intensity (MEM), even if we take Mmax = 7, will exceed this value significantly and earthquake intensity and will be 9.
• Concluding, it should be noted that in recent decades we observe increased seismic activity of the whole Armenian highlands, Caucasus and neighbour regions, induced by the seismic-geodynamic processes in Iran-CaucasusAnatolian region (detailed note of the expert group is enclosed) [10] . Member of this expert group, academician V.I. Ulomov in 2004 in his another expert conclusion concerning safe use of the Bilibin nuclear power station in Russia, did not hesitate to mention the Metsamor NPP in Armenia again [11] and wrote "It was decided that Armenian NPP must be abandoned because it is located in very seismologically dangerous area of Armenia", Figure 7 [11].
According to the Peer review of the European Nuclear Safety Regulators Group (ENSREG), the Peer Review Team further suggests to complement the 2011 PSHA by (i) with a review of the maximum intensity Mmax values which are regarded to be underestimated when compared to other recent seismic hazard assessments, and (ii) detailed investigations of the active faults close to the site using integrated paleoseismological techniques [12] . 
Conclusions
Overall, the major natural and technogenic factors bolstering the threat of the Metsamor power plant for the regional states can be reduced to following conclusion. Although the plant during the construction had been designed to withstand up to an 8-intensity earthquake, it is located in the region that can potentially experience an 11-intensity earthquake according to the MSK scale.
Any delay of this safe and wise decision to abandon the Metsamor nuclear power plant will be resulted in a big catastrophe for all regions that could be called as the Caucasian Fukushima.
